Abstract
Introduction 1.The archaeological history of mud bricks and the white monastery
Many studies were conducted on stone buildings but only few investigated mud-brick buildings that have spread all over Egypt for ages. Therefore, the current study investigates the role that termites play in the deterioration of mud brick buildings and the relation with other factors, e.g. the dete-rioration of microbiological and chemical composition of mud bricks. Mud bricks are one of the materials which used in buildings at different old civilization [1, 2] . The study of mud bricks is an important specially when are found in urban precisely [3, 4] . The White monastery, located 8 km to the west of Sohag, was constructed of white limestone. Its main buildings were built by St. Shenoda on the ruins of Pharaonic buildings [5] , fig. (1). 
Field observations and deterioration causes
Termites play an important role in the deterioration of the white monastery's mud bricks. Capillarity water move through the walls and columns. After evaporation, salt crystals are noticed on the surface of the mud brick. Consequently, cracks and disintegration result (figure 1.g &h). This is attributed to low ventilation rate that cause low level of evaporation from the entrance of mud brick walls. When evaporation rate increase, salt crystals and many other factors of deterioration affect mud bricks [6] [7] [8] [9] [10] . When they contain water, pores play an important role in the decay of mud-brick [11] . Unfortunately, mud-bricks of the White Monastery were exposed to many deterioration factors, especially termites, fig. (2-a, b) [12] . Various samples were collected using non-destructive methods and were studied by Polarizing Microscopy (PLM), X-ray diffraction (XRD), scanning electron Microscope (SEM) and X-ray florescence (XRF). Hence, physical and chemical properties and microbiological growth were studied [13] . Mud bricks mainly contain clay, some organic materials and some fillers, fig. (2-c, d ). This approves the properties of mud brick to decrease clay's viscosity and to make them stronger to resist weathering [14] . About 70-80 of termite species, from among more than 2600 species, are considered economically important pests [15] . [16] [17] [18] . Some plant essential oils have been reported to exhibit insecticidal properties against termites [19, 20] . In this study, we investigated the repellent activity of essential oils from four medical plants and four their chemical compounds. 
Materials and Methods

Petrographic examination
The samples were examined using different microscopic types, such as: the polarizing microscope, (model Olympus BX51 TF Japan), with a digital camera. They were studied a magnification of 20X up to 40X.
X-ray diffraction (XRD)
The composition of the samples was analyzed using Philips X-ray diffraction (model PW/1710) at physics department, Assiut Faculty of Science, Egypt. The reflections of peaks were from 4 to 90°2è, with 0.06° /min speed, (d, Å) and (I/I°) were obtained [21] .
Chemical analysis by X -ray fluorescence (XRF)
Elemental analysis was conducted using wavelength dispersive XRF spectrometry (Axios advanced, sequential The samples were analyzed using the scanning electron microscope (SEM, JSM 5500, JEOL Japan) of 70X up to 2500X range. In addition, small mud-bricks samples were covered with gold and analyzed by EDX.
Termite collections
The workers of P. hybostoma, termites were obtained from the infested area near from the white monastery, Sohag, Egypt using ElSebay modified trap [22] . The species was reared in Petri-dishes provided with source of cellulose (corrugated cardboard moistened). The healthy workers with seven days age were used in the experiment.
Chemicals
The essential oils of camphor (Cinnamomum camphora) and orange peel (Citrus Sinensis) purchased from a commercial company (Obour City, Egypt), and (R)-(+)-Limonene, (S)-(-)-Limonene, (+)-Camphor and (-)-Camphor were purchased from SigmaAldrich (Egypt).
Experiment
The repellency test was conducted in arenas consisting of five cups of 12 cm diameter and 10 cm height, with a central cup (E) connected to the others four cups (A, B, C and D) by plastic cylinders (15 cm long and 1 cm in diameter). Cups A and B were arranged diagonally, and filled with piece of soil from ancient building butted with piece of corrugated cardboard treated with 100 µL (3% concentration) of each solution. Cups C and D (controls) were filled only with piece of soil from ancient building butted with piece of corrugated cardboard treated with 100 µL ethanol 99.5 % (Aldrich/Sigma, Egypt) only [23] . The treated cups were left out of direct sunlight for 20 min to evaporate the ethanol. After this period, twenty workers of P. hybostoma were released to the central cup. After 24h of the beginning of the experiment the total number of individuals per cups treated or not with essential oils was evaluated [24] .
Soil analysis
The pH meter (Orion model 410A) was used for soil pH measured in 1:1 soil: water suspension (Jackson, 1973) . Measuring the electrical conductivity of the soil past extract (ECe) was used to determine the total soluble salts by electrical conductivity meter (Orion model 150) [25] . Soluble calcium and magnesium were titrated by a standard versenate (EDTA) solution. A Flamephotometer was used to determined sodium and potassium. Calcium carbonate content was determined volumetrically using the calibrated collin's Calcimeter method. Soluble cations and anions were measured in the saturated soil paste extracted according to Jackson (1973) [25] . Soluble carbonate and bicarbonate were titrated by a standard solution of hydrochloric acid; chlorides were titrated by a standard solution of silver nitrate. Spectrophotmetr was used to determine the sulphates by the turbidimetric method. Organic matter (OM) content was evaluated by a modified Walkely-Blake method as described by Jackson, [25] .
Statistical analysis
The experiment was conducted in a randomized design with 10 replications (arenas), each one with 20 workers of P. hybostoma, where the substrates are or are not treated. The results were compared by t-paired test at 5 % probability.
Fungi and bacteria study
Method which used of soil dilution plate to isolate Fungi from decayed mud bricks is according to Waksman (1922) [26] . The surface of mud bricks was scrapped with a sterile tool. Removed fragments were inoculated into nutrient agar medium in sterile Petri dishes (5 replicates were made for each sample) and incubated at 37 °C for 48 hours.
Recovered colonies were purified and tested for Gram staining [27] [28] [29] [30] .
Results
Petrographic investigation
It is illustrated that the sample of ancient brick is dark gray with a bulk density of (1660 Kg/m 3 ), porosity (3.63 %), swelling (2 %), organic matter (12. 
Mineralogical analysis by XRD
Mineral composition of the ancient brick's sample, is as follows: clays (smectite, illite and kaolinite) (68.1 %), calcite (19.1 %), plagioclase (9.9 %) and quartz (2.9 %), tab. fig, (4-b) . The crystallinity of smectite (the main component of the clay fraction) was very poor (3 nanometer), fig. (4-c) . Table ( 3) main components (wt. %) of the samples using XRF analyses
Bulk elemental analysis by EDX
EDX micro analytical methods were conducted to identify the samples and evaluate their components, indicating that the elemental composition of the samples collected from different places was also illustrated that the high concentration of calcium indicated the existence of gypsum and anhydrite. In addition, the moderate amount of Alum-inum could be attributed to feldspars. On the contrary, the relatively high amounts of iron were attributed to the origin of these samples and the atmospheric pollution. They played a significant role in deteri-oration. 
Repellency bioassay
Results shows that all essential oils and constituents tested were activity against workers of P. hybostoma, although significant differences were found with respect to their efficiencies. The essential oil C. Sinensis and the constituents (R)-limonene and (S)-limonene exhibited a high significant degree repellent activity to workers of P. hybostoma, with an overall repellency rate of 68.5 %, 65 % and 81.5 %, respectively, fig. (7) . However, C. Sinensis, (S) -limonene and (R) -limonene were more repellent to workers of P. hybostoma than camphor (C. camphora), (-) -camphor and (+) -camphor, at the tested concentration (3 %). 
Fungi growth
The biological deterioration of investigated mud bricks samples proved that there are three 3 fungal floras. They were identified as listed in tab. (6) & shown in fig. (8) . Therefore, our study proved that moisture motivated biodete-rioration. 
Bacteria growth
The bacterial effects in brick samples were laboratory investigated; the results proved that there are four species were identified. They were belonging to (G +ve) and (G -ve) bacteria as shown in fig. (9) . 
Discussion
The preliminary study reports the damage illustrated in the brick's appearance caused by the various factors, the most important of them are the presence of termites and the associated damage microorganisms. Results of the physical properties of the samples indicated a high degree influenced by the presence of termites. In addition to the effects of chemical and physical factors of deterioration, especially ground water, wind erosion and temperature variation in the study area. These properties that recorded bulk density (1660 kg/m 3 ), porosity (3.63 %), swelling index (2 %), organic matter (12.6 %), and compression strength (79.86 kg/cm 2 ), tab. (1-a) . Through tab. (1-b, c) & fig.  (3) , it could be noted that petrography investigations suggest that the grain size of the sample is classified as sandy mud (sand fractions). On one hand, the mineralogical composition of the fraction (250-125µ) is as follows: quartz (64 %), orthoclase (6 %), plagioclase (5 %), hypersthene (7 %), epidote (3 %), hornblende(2 %), biotite (5 %), muscovite (4 %) and opaques (4 %). On other hand, the mineralogical composition of the fraction, (125-63 µ) contains quartz (58 %), orthoclase (3 %), plagioclase (2 %) hypersthene(8 %), epidote (5 %), hornblende (6 %), biotite (7 %), muscovite (4 %) and opaques (16 %). Moreover, X-ray diffraction analysis, tab. (2-a) illustrates the mineral composition of the whole sample, as follows: (68.1 %) as clays (smectite, illite and kaolinite), 
